Introduction
Due to a X-ray crystallography, the architecture of the reaction center o f photosynthetic bacteria is well understood [1] . The bacterial reaction center consists out o f 3 subunits, the L-, M-, and H-subunit. The L-and M -subunits carry the pho tosynthetic pigments, necessary for the light-in duced prim ary charge separation. The primary quinone acceptor (QA) is oriented towards the M -subunit, whereas the secondary quinone accep tor (Qb) is oriented tow ards the L-subunit. Q B is bound loosely and lost upon crystallization [1] , Furtherm ore, certain inhibitors can bind strongly to the Q B-site. In this way they prevent binding of the native ubiquinone to the Q B-site, which leads to an interruption o f photosynthetic electron flow. F or the inhibitors terbutryn (an s-triazine) and o-phenanthroline the orientation within the Q Bbinding niche is well known, because X-ray crystallographic data are available [2] .
It became soon clear that the photosystem II reaction center core complex of higher plants and algae is hom ologous to the bacterial reaction cen ter [3, 4] , In the photosystem II core complex the Q B-site is located at the D -l protein which corre sponds to the L-subunit and is likely prone to a t tack by inhibitors. M any of these inhibitors are used as powerful herbicides. Since the architecture o f the photosystem II reaction center core complex is not known due to a lack o f crystallographic R ep rin t requests to Prof. D r. W alter O ettm eier.
V erlag der Z eitschrift fü r N a tu rfo rsch u n g , D -7400 T übingen 0 9 3 9 -5 0 7 5 /9 1 /1 1 0 0 -1 0 5 9 $ 0 1 .3 0 /0 data, the bacterial reaction center can serve as a model for new efficient photosystem II herbicides. However, this model has two im portant short comings.
First, most of the powerful photosystem II her bicides, like ureas, anilides, carbam ates, uracils, triazinones and phenols are completely inactive in the bacterial system. Second, those herbicides which are active exhibit a much lower inhibitory potency as com pared to photosystem II [5] . For example, terbutryn which has been recognized so far as the most potent inhibitor o f the bacterial system, exhibits a p l50-value of 6.25 [6] . In plant thylakoids the p l50-value o f terbutryn is 7.52 [5] , which is m ore than one order of m agnitude higher as compared to bacterial reaction centers.
In thiazolylidene-ketonitriles ( Fig. 1 ) recently effective inhibitors of photosystem II have been found [7] . As judged from a photoaffm ity labeling experiment with a radioactive azido-analogue, thiazolylidene-ketonitriles preferentially bind to the D -l protein o f photosystem II [7] . As we wish to report here, thiazolylidene-ketonitriles are also Fig. 1 . S tru c tu ra l fo rm u la o f th ia z o ly lid e n e -k e to n itrile . efficient inhibitors o f photosynthetic electron transport in reaction centers from Rhodobacter sphaeroides or Rhodobacter capsulatus. In this chemical class, some com pounds -contrary to the normal rule -have a higher inhibitory potency in the bacterial reaction center than in photosystem II. Furtherm ore, the azido-analogue mentioned above in reaction centers preferentially tags the L-subunit.
Materials and Methods
The synthesis o f the thiazolylidene-ketonitriles ( Fig. 1 and Table I , 1 -8 ) is described in [7] , The thiazolylidene-ketonitriles and 2-
at a spec, activity of 1835 M Bq/mmol were gener ous gifts by Schering AG, Berlin.
Reaction centers from R. sphaeroides and R. capsulatus were prepared according to [6] or [8] , respectively. Inhibitory activity o f com pounds in photosynthetic electron transport in isolated reac tion centers was assayed in a system using reduced cytochrome c as the electron donor and ubiquinone-6 as the acceptor [6] , Photoaffm ity labeling experiments were performed according to proto cols in [7, 9] .
Results and Discussion
The p l50-values o f electron transport inhibition in reactions centers from R. sphaeroides and R. capsulatus for various thiazolylidene-ketoni triles together with the previously published p l50-values for photosystem II [7] are given in Table I .
From the 8 com pounds tested, 5 com pounds (No. 2, 5 -8 ; Table I ) were better inhibitors in photosys tem II as compared to the bacterial systems. This is usual the case for all photosystem II herbicides [6] . Table I ). It is also better than terbutryn. Chlorinesubstitution in either of the arom atic moieties gen erally increases inhibitory potency; in this respect, two chlorine atom s are more effective than one (compare com pounds 2 -4 and 7 and 8; Table I ). This "chlorine effect" is com m on to photosystem II herbicides (for example, p l50-values: 3-phenyl-; 4.4; 3-(4'-chlorophenyl)-; 5.4; 3-(3',4'-dichlorophenyl)-l,l-dim ethylurea; 6.7; see [10] ).
The trends in biological activity for thiazolylidene-ketonitriles are the same in R. sphaeroides and R. capsulatus. However, there are differences in the p l50-values. The highest difference is found for com pound 4, which is about four times more active in R. sphaeroides as com pared to R. capsula tus. We attribute these differences to the different amino acid sequences of the L-subunits of both o r ganisms. An alignment of the herbicide binding re-T able I. p I50-V alues for in hibition o f p h o to sy n th etic electron tra n sp o rt in reaction centers from Rhodobacter sphaeroides (sph), Rhodobacter capsu latus (cap), and ph o to sy stem II (PS II) by thiazolylidene-ketonitriles. T heir general form u la is given in Fig. 1 . D a ta fo r photosystem II were taken from [7] gions of the L-subunits of Rhodopseudomonas viri dis, R. capsulatus and R. sphaeroides (according to [11] ) are given in Fig. 2 Fig. 2 ) may be the cause. It should be noted that thiazolylidene-ketonitriles have been classified as belonging to the "histidine-family" [3, 7] and in this respect resemble o-phenanthroline. 7r-charge distributions as calculated by M N D O in thiazolylidene-ketonitriles make it likely that they bind as the tautom eric hydroxy-rather than the keto-form (Fig. 1 ) [7] . Further p roof for a preferential orientation of the thiazolylidene-ketonitrile molecule towards the bacterial L-subunit comes from a photoaffinity labeling experiment. If isolated reaction centers from R. sphaeroides are UV-illuminated in the presence of [14C]azido-thiazolylidene-ketonitril (Fig. 1 , R 1 = benzyl; R2 = 4-azido-phenyl), the highest am ount o f radioactivity is found to be in corporated into the L-subunit (Fig. 3) . The H-subunit is labeled to a much lesser extent and al most no radioactivity is found in the M -subunit ( Fig. 3) . As previously reported, [14C]azido-atrazine also binds almost exclusively to the L-subunit [12, 13] . This result stresses the im portance o f the L-subunit for herbicide-binding and its homology to the D -l protein of the photosystem II reaction center core complex.
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